In this manuscript we discuss the results of our recent study on Ξ resonances. We have studied meson-baryon interaction with strangeness −2 by solving scattering equations in a coupled channel approach and found that the dynamics gives rise to the development of two poles in the complex plane close to the real axis. The corresponding narrow states have isospin half and spin half in one case and spin 3/2 in the other case. We find that the properties of the isospin and spin 1/2 state are strikingly similar to Ξ(1690), while the state with spin 3/2 can be related to Ξ(2120). We find that our results on Ξ(1690) are in good agreement with the data available from the BELLE and BABAR Collaborations. Our formalism consists of treating pseudoscalar-baryon and vector-baryon channels on an equal footing. Since the thresholds of such channels are distributed over a relatively larger energy range, we obtain all interaction kernels needed to solve the Bethe-Salpeter equation without resorting to any nonrelativistic approximation even though the amplitudes are calculated at low energies.
Introduction
The spectrum of multistrange baryons consists of a few states whose properties like masses and widths, spin-parity are not well known [1] , in several cases even the existence of the state itself is not clear. The reason behind such a deficit of information is the lack of data on multistrange baryons, which arises due to the poor statistics on their production cross sections obtained from collisions of nonstrange hadrons and due to the availability of few facilities of anti-kaon beams. However, the latest improvements in the analyzing techniques have encouraged extraction of information on Ξ resonances from rare decay processes like Λ c → K +K0 Λ 0 and Λ c → K + K − Σ + [2, 3] . Besides, new experiments on productions of Ξ's are expected to be scheduled at facilities like, JPARC [4] , J-lab [5] , PANDA [6] .
In addition to the motives stated above, we find it encouraging to study strangeness −2 resonances since we can implement and test our formalism on meson-baryon interactions. As we will discuss in more detail in the next section, our formalism consists of obtaining the lowest order amplitudes by relying on the hidden-local symmetry for the vector meson-baryon interactions. It was shown in our previous work [7] that the vector meson-baryon interaction Lagrangian leads to a contact interaction, apart from Yukawa-type vertices which can be used to calculate t-, s-and u-channel interactions. In Ref. [7] , it was found that all these interactions give comparable contributions and, thus, all must be considered. We have also included the transition amplitudes between pseudoscalar meson-and vector meson-baryon consistently with the hidden-local symmetry (for more details, see Ref. [8] ). The pseudoscalar-baryon interaction amplitudes are obtained from the lowest order chiral Lagrangian [9, 10, 11] . Our formalism has been used to study systems with other quantum numbers [12, 13] .
After giving some more details on the formalism, we will summarize the most important features of the results found in Ref. [14] . As we will show, we find that the coupled channel mesonbaryon interaction generates two resonances; both with isospin 1/2, one with spin 1/2 and other with spin 3/2. We find no isospin 3/2 state which would be exotic pentaquark-like states.
Formalism and Results
The formalism consists of obtaining the vector meson-baryon interaction kernels from the Lagrangian [7] 
where ... refers to an SU(3) trace, the subscript 8 (0) on the meson fields denotes the octet (singlet) part of their wave function (relevant in case of ω and φ , for which we assume an ideal mixing). V µν represents the tensor field of the vector mesons, .2)). The vector-baryon-baryon vertices can be used to deduce s-and u-channel diagrams, and t-channel diagrams can be calculated using the three-vector Lagrangian;
3)
The resulting relativistic amplitudes for the different coupled channels (πΞ, ηΞ,KΣ,KΛ, ρΞ, ωΞ, φ Ξ,K * Σ andK * Λ) are given in Ref. [14] . The t-channel amplitudes obtained in our work, in the limit of nonrelativistic approximation, are in agreement with those in Ref. [15, 16] . The sum of all the four diagrams shown in Fig. 1 
where
In the equations above, f P is the pseudoscalar decay constant, P represents the SU(3) matrix for the pseudoscalar mesons and F = 0.46, D = 0.8 reproduce the axial coupling constant of the nucleon:
The transition between pseudoscalar meson-baryon and vector meson-baryon channels is obtained by using the Lagrangian [8] 
The amplitudes for different channels are given in detail in Ref. [14] . We show the squared amplitude obtained by solving coupled channel equations for theK * Σ channel, as an example, in different isospin-spin configurations in Fig. 2 . It can be seen in Fig. 2 that a peak structure is found around 1690 MeV in the isospin, spin 1/2 case. As discussed in Ref. [14] , this peak corresponds to a pole in the complex plane at M − iΓ/2 = 1687 − i2 MeV. This result is in good agreement with the values M = 1684.7 ± 1.3
MeV obtained by the BABAR Collaboration [3] and M = (1688 ± 2) MeV, Γ = (11 ± 4) MeV obtained by the BELLE Collaboration [2] . We have also calculated the decay rate of this state to different open channels: πΞ,KΛ andKΣ; the branching ratios obtained are 17%, 28.5% and 54.5%, respectively. Using these values we get
which is in excellent agreement with the data from the Belle collaboration: 0.50 ± 0.26 [2] . Yet another finding reported by the Belle collaboration is that a clear signal of Ξ (1690) is not found in the πΞ mass spectrum. The couplings of the isospin, spin 1/2 state given in Ref. [14] (which we list in Table. 1, for the reader's convenience) for at least the different channels open for decay, also successfully explain this finding. As can be seen from Table. 1, the coupling for the πΞ channel is nearly zero. The agreement between all our results and the known information from the experimental data shows that our state can be associated with Ξ(1690). The agreement between the two is remarkable, given the fact that we have not fitted any parameters of the model to reproduce the data. The only parameter of the model is the cut-off value required to regularize the loop functions. We have used one unique value for all channels, Λ = 800 MeV (see Ref. [14] for more details).
We have also tested the stability of our results by varying this cut-off value by ±30 MeV and find that both the real and imaginary part of the pole value change by ±1 MeV. We can definitely summarize that our findings imply that Ξ(1690) can be interpreted as a dynamically generated state. Channels Couplings
It is also important to mention that the vector meson-baryon channels play an important role in the generation of Ξ(1690): we do not find this state if we consider only pseudoscalar-baryon coupled channels. This latter finding is in consonance with that of Ref. [17] , where a pseudoscalar meson-baryon coupled channel calculation was done for strangeness −2. Another study on Ξ's does find a pole for Ξ(1690) [18] using only pseudoscalar-baryon channels by fitting the parameters of the model to the experimental data. In Ref. [18] , the loop functions are calculated using the dimensional regularization method and the subtraction constants for each channel are treated as free parameters. Even then a full width of only 1 MeV is found in Ref. [18] . Some of the subtraction constant values found in Ref. [18] deviate from the natural values, which implies that an additional effective potential is added to the system (as explained in Ref. [19] ), and this effective potential may account partly for the missing vector-baryon channels. Further, it can be seen that a peak in the squared amplitude is also seen in the total isospin 1/2, spin 3/2 case. The mass of this state is ∼ 2050 MeV and half width at full maximum is ∼ 8 MeV. Although the mass of this state is far from the mass of Ξ(2120), we argue in Ref. [14] that our state can be related to Ξ(2120). One of the reasons is that the width of Ξ(2120) is known to be < 20 MeV [1] . Another reason is that the signal of the latter, so far, has been found only in theKΛ mass spectrum [1] , and if Ξ(2120) is related to the spin 3/2 state found in our work, thenKΛ would not be an ideal channel to study this resonance. In such a case, if the signal is not very clear, the determination of the mass may not be reliable. As discussed in Ref. [14] , πΞ andKΣ channels are better suited to look for this resonance. We have also checked that changing the cut-off value used in our work, by ∼ 30 MeV, changes the mass and width of the spin 3/2 state found in our work in the range (2046 ± 6) + i(8.2 ± 2.2) MeV.
The squared amplitudes shown for the isospin 3/2 and spins 1/2, 3/2 show that no state is found in these configurations, only cusps corresponding to opening of different channels can be seen. If a state in isospin 3/2 configuration would have appeared, it would have been an exotic pentaquark state. A claim of the existence of a narrow, exotic Ξ −− state, with mass ∼ 1862 MeV, in the π − Ξ − mass spectrum was reported in Ref. [20] . However, later investigations did not confirm the
